Development and evaluation of peptide-based prolyl oligopeptidase inhibitors--introduction of N-benzyloxycarbonyl-prolyl-3-fluoropyrrolidine as a lead in inhibitor design.
The current study has been undertaken to develop new and biocompatible inhibitors for prolyl oligopeptidase, a highly specific endopeptidase, proposed to be involved, through its affinity for neuropeptides and kinins, in the processes of learning and memory and in the control of blood pressure. For in vitro evaluation of the inhibitors, human platelet prolyl oligopeptidase was purified to homogeneity and characterized. Northern blot analysis showed that mRNA coding for prolyl oligopeptidase was present in all tissues examined and only one transcript of 3.1 kb was detected. In addition to the human platelet enzyme, we also purified rat brain prolyl oligopeptidase, which proved to have the same characteristics as the human enzyme. In a series of tested peptides, bradykinin was found to be the best substrate. Based on this information, peptides bearing pseudopeptide bonds were generated and evaluated as inhibitors. The experiments clearly demonstrated that changes to the scissile peptide bond significantly decrease the affinity of prolyl oligopeptidase for the peptide derivatives. In our series of synthetic N-terminal blocked dipeptides, N-benzyloxycarbonyl-prolyl-3-fluoropyrrolidine was the most potent compound. Inhibition was reversible, but the inhibitor was bound tightly. Calculation of its Ki according to Henderson [Henderson, J. P. (1972) Biochem. J. 127, 321-333] yielded a value of 0.8 nM. This compound was not cytotoxic in a cell culture system and inhibited the purified prolyl oligopeptidase from rat as well as from human origin. In vivo evaluation in male Whistar rats showed no acute toxicity. 5 h after administration, the most profound decrease in prolyl oligopeptidase activity was found in the thymus, brain, and testis. This study demonstrates that N-benzyloxycarbonyl-prolyl-3-fluoropyrrolidine is a potent inhibitor and a promising compound suitable to investigate the physiologic function of the enzyme in vitro and in vivo.